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Abstract. The researches were undergone on the Danube scomber, species that cumulates the 
natural microbian contamination from the fresh water of the Danube and from the salty water of the 
Black Sea. For the eviscerated fish, the aerobic putrefaction takes place prioritarily, placed both on the 
skin surface and on that which was eviscerated. For the whole fish, the putrefaction is conditioned by 
the aggression of the intestinal bacterial flora. The value of the peroxide index and the intensity of the 
Kreiss reaction increase proportionally with the evolution of the rancidity. Between fat hydrolization 
and oxidation, there is no mutual conditioning, thus, the estimation of the two freshness indices must 
be made independently one from each other. 
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INTRODUCTION 
 
The main forms of fish alteration are putrefaction and rancidity. The first has an 
exclusive biotic character and it results from the microorganism assault on the proteins within 
the meat structure. The second has an abiotic character and it is settled down as a result of the 
prolonged contact with the atmospheric oxygen. Its material support is the fat. 
To contribute to the intimate knowledge of the setting of these alternative forms to fish 
and to the dynamics of their development, an experimental study was conducted in conditions 
which are further exposed.  
The putrefaction is the alternative form that is found particularly in the fish itself, 
which wasn’t preserved by salting, freezing or other technological process. It is installed when 
the fish is preserved in inappropriate temperature conditions.   
It is conditioned by the presence of proteolytic bacteria and their density per mass unit 
or area unit, correlated with the specific living requirements of the two categories of aerobic 
and anaerobic microorganisms. These conditions are at the basis of the two types of anaerobic 
or aerobic alteration. The microbial source is the heritage of the caught fish, but also the 
further contamination as a consequence of the unhygienic handling conditions and processing 
technology.  
The rancidity is the alternative form that can be met in the frozen fish, but also in the 
salty fish when the normal period of preservation is exceeded. The support of the alteration is 
the fat, in particular, that which has in its structure a large proportion of unsaturated fatty 
acids, such as the fish fat.  
The determinant factor is the prolonged contact with the atmospheric oxygen, and the 
favoring factors are heat and natural light. The alternative process takes two steps, the 
peroxide stage, followed by the aldehyde one. 
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MATERIALS AND METHODS 
 
It has been chosen to study the mackerel of Danube, which is a species that cumulates 
the natural microbial contamination both in the salt water in the Black Sea and in the fresh 
water of Danube. It is a predator fish that has digestive enzymatic equipment necessary for 
proteic feed digestion, and in favorable conditions the digestive enzymes cooperate with the 
bacterial enzymes when rotting takes place. Valuation is made to the fish as a whole, thus, it 
is subjected to existing microbial aggression in the digestive tract, as well as those on the 
body surface. A large part is valued as refrigerated fish when the form of microbial aggression 
becomes favorable. 
Investigations were carried out on the whole fish, as well as on the eviscerated one. 
All the samples were kept in the same temperature conditions (20±2°c). The organoleptic 
changes and physicochemical changes contracted during the 80 hours necessary for recording 
the observations were investigated. The physical-chemical investigations referred to the 
following parameters:  
- the presence of the free ammonia 
- the quantity of nitrogen easily hydrolysable, added to the product as it is, and to the 
total content of nitrogen 
- the content of nitrogen provided by free amino-acids 
- the content of nitrogen provided by trimethylamine 
- the presence of hydrogen sulphide (H2S) 
- the pH value 
Immediately after fishing 12 samples of similar sizes were chosen and kept for 20 
hours in a box with shredded ice in abundant quantity. After leaving the ice, 6 fish have been 
eviscerated carefully, so as they could not get dirty with the intestinal content and 6 were left 
intact. It was examined one fish in each category, and the others were left at the room 
temperature and were examined in the next time intervals: 6, 22, 28, 56 and 80 hours. After 
carrying out the organoleptic examination, the dorsal musculature has been collected from 
each fish (without skin and bones), it has been homogenized and each homogenous part was 
introduced into a small bag of polyethylene for physical-chemical analyses. The mackerel of 
the Danube was used for fat extraction and purification, because it is the species with the 
highest content of fat. From 5 fish the large viscera, the head, the fins, the bottom scales and 
the large bones have been removed, then the resulting meat was minced. From this meat the 
fat was extracted in 5 sessions, as many as 200 grams each. In three crystallizing glass 
apparatus with a diameter of six cm, 50 g of fat have been weighed. Sample number one was 
kept in the refrigerator; sample number two was kept at the room temperature and in the dark; 
sample number three has been held between two windows, under solar light. The remaining 
fat has been immediately assessed, and the five samples were assessed at intervals of 5, 10, 20 
and 30 days. The acidity, the peroxide index and Kreis reaction which outline the advanced 
oxidation (the proper rancidity) were determined. 
 
RESULTS AND DISCUSSIONS 
 
During the initial examination, immediately after removing fish from ice, the 
organoleptic characteristics have been normal, specific to the fish of first freshness. The 
overall elasticity and the elasticity of the insertion ligaments of the fins, of the opercula and 
the inferior jaw were present. The surface was that of a wet skin, but without mucus. The 
prominent eyes, without mucus, cornea and eyeball environments were transparent. The gills 
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were clean, of dark red colour with some clear mucus. Because the scales of this fish are frail, 
some of them fell during fishing and during ice preservation. 
On the section, there was firm and elastic musculature, with well fixed bones. There 
was no exudate liquid into the general cavity. The viscera were individualized, with present 
elasticity. The parietal foil of the peritoneum was clean, with the glaze present, glutinous to 
the cavity walls. The smell was normal, specific for fresh fish.  
After 6 hours. For the whole fish, the overall elasticity and the elasticity of the 
insertion ligaments were missing. The skin surface had slightly sticky mucus. The eyes at the 
level of orbits became opaque. The gills had more opalescent mucus. On the section, the 
musculature is slightly soaked, but still well caught on the bones. In the general cavity there is 
an accumulation of opalescent fluid with reddish shade. The viscera retain their individuality, 
but they are well soaked. The pylorical appendices and partially the liver are excepted, 
because of the installed hydrolysis processes (maceration starting point). 
To the eviscerated fish, the outer organoleptic and muscular characteristics are similar 
to those of the whole fish. It has no particular smell. However, the whole fish is charged with 
a shade of stale. 
After 22 hours. To the whole fish, the overall consistency is almost lax. The skin 
surface has much turbid, sticky mucus. Its eyes are withdrawn in their sockets and the opaque 
cornea is covered with sticky mucus. The gills are gray with profusely and turbid mucus. On 
the section the musculature is soaked, more pronounced on the lateral-ventral walls where it is 
slightly sticky. The bones are easily detached from the musculature. The viscera have an 
inform aspect, mixed with an abundant quantity of slurry, turbid liquid. 
The eviscerated fish, with sticky and turbid mucus on the skin surface, and a little 
reduced on the musculature. The musculature is soaked, and the bones are easily detached. 
The smell is unpleasant, ammoniacal and more pronounced in the whole fish. 
After 28 hours. The organoleptic characteristics similar to those after 22 hours, but 
more pronounced, which emphasize the installation of the putrefaction in the whole mass of 
the fish. 
After 56 hours. The whole fish has a distended general appearance. The skin surface 
has profusely, turbid, mucus, with gray shade. The prolabate anal mucous is grey greenish. 
The eyes are in their sockets, covered with turbid mucus. The gills have greenish colour, with 
profusely, turbid, slurry and filant mucus. When opening the general cavity, a gas of smell 
fetid becomes apparent. The musculature is strongly soaked, in some areas with the sensation 
of crepitation when pressing the finger. The top part of the ribs is detached from the 
musculature. The visceral mass is turned into a magma-like consistency with grey-greenish 
aspect.  
The smell is unpleasant, butyric, mercaptanic, acid hydrogen sulphide, specific to 
anaerobic putrefaction. In the case of eviscerated fish, both surfaces have profusely and turbid 
mucus. The musculature is soaked and sticky, with the ribs partially denudated. The 
ammoniacal and hydrogen sulphide odour predominate. 
After 80 hours. The whole fish with the abdominal wall broke, as a result of 
advanced proteolyses of the muscles and of the gas tension in the visceral cavity. The muscles 
are partly turned into a paste, with spongy and crepitant areas. The ribs have denudated tips, 
almost detached from the muscles. The smell is highly fetid, characteristic for advanced 
anaerobic putrefaction. The eviscerated fish has profuse mucus on both surfaces and a grey- 
greenish color. The muscles partly became paste with a clearly crepitant aspect. The smell is 
of acid hydrogen sulphide and ammoniac. The physical-chemical results are presented in Tab. 
1.                                                                                                                                     
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Tab. 1 
The dynamics of physical-chemical modifications during putrid alteration of fish 
 
Ammoniac(R. 
Nessler) 
Slightly 
hydrolysable 
nitrogen 
Nitrogen from 
aminoacids 
Nitrogen from 
trimethylamine 
Hydrogen 
sulphyde pH Time 
Whole 
fish 
Gutted 
fish 
Whole 
fish 
Gutted 
fish 
Whole 
fish 
Gutted 
fish 
Whole 
fish 
Gutted 
fish 
Whole 
fish 
Gutted 
fish 
Whole 
fish 
gutted 
fish 
Initial absent absent 0,014 0,013 absent absent Absent Absent Absent Absent 6,0 6,0 
6hours absent absent 0,035 0,033 absent absent Absent Absent Absent Absent 6,2 6,2 
22hours present present 0,060 0,045 0,020 0,008 Absent Absent Absent Absent 6,8 6,6 
28hours present present 0,080 0,060 0,020 0,010 absent Absent Present Present 6,8 6,7 
56hours present present 0,200 0,140 0,045 0,025 0,010 0,070 Present Present 7,0 7,0 
80hours present present 0,350 0,200 0,120 0,050 0,025 0,020 Present Present 7,2 7,0 
 
Tab. 2 
The results of the dynamic parameters of fat related to preservation and freshness conditions 
                                                                                               
Sample no. Preservation 
time 
Acidity( g of oleic 
acid/100 g) 
Peroxide 
index(miliequiv./kg) 
Kreis reaction 
initial  0,20 <1,0 Negative 
5days 0,20 2,0 Negative 
10days 0,35 4,0 Negative 
20days 0,45 5,0 Negative 
1.(refrigerator) 
30days 0,50 10,0 Slightly positive 
5days 0,25 5,0 Negative 
10days 0,35 10,0 Slightly positive 
20days 0,40 35,0 Slightly positive 
2.(room 
temperature 
and darkness) 
30days 0,50 40,0 Positive  
5days 0,30 40,0 Positive 
10days 0,40 70,0 Positive 
20days 0,60 95,0 Intense positive 
3.(room 
temperature 
and light) 
30days 0,80 130,0 Intense positive 
 
CONCLUSIONS 
 
 In the case of the eviscerated fish the aerobic putrefaction appears with priority both 
on the skin area and on the evisceration one. After six hours of storage at 20°C, the nitrogen 
easily hydrolysable reached to 0.033 % as compared to the initial value of 0.013 as proof of 
the incipient action of the proteolytic enzymes. After 28 hours the proteolyses became 
obvious both in the organoleptic changes as well as in the physical-chemical modifications, 
and after 56 hours the anaerobic putrefaction with rapid propagation in the muscles is 
highlighted. 
 In the case of the whole fish the putrefaction is conditioned by the assault of intestinal 
bacterial flora which has a density considerably higher than that from the surface. In the case 
of the whole fish the superficial aerobic putrefaction is installed at the same time with the 
profound anaerobic one which becomes the priority.  
The induction of oxidation is very short on fat fish (1-2 days under solar rays’ 
incidence, 5 days at room temperature and 20 days in refrigerator). The value of the peroxide 
index was of 5 milliequivalents per kilogram fact that marks the beginning of the peroxide 
phase, even if it isn’t manifested through organoleptic modifications. 
Under test conditions shown, the rancid turning was installed at 4-5 days of 
preservation under solar radiations, no more than 10 days when preservation was done at 
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room temperature and darkness, which proves clearly the great importance of heat and light in 
accelerating the rancid turning. 
In the terms of our experimentation, when fat was stored under sunlight for 30 days, it 
became obviously rancid, the acidity barely reached the value of 0.80 %. Under the aspect of 
hydrolysis this value is less than the maximum limit foreseen in the regulations concerning 
edible fats. 
The Kreis reaction has the absolute value recorded for rancidity decelation, but it 
highlights only this stage of oxidation.  
The value of the peroxide index and the intensity of Kreis reaction grow 
proportionally with the rancidity evolution. 
Between fat hydrolysis and oxidation there isn’t mutual conditioning, the estimation of 
the two indicators of freshness must be done independently of one another. 
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